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Risky snow removals from roofs 
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Figure 1: Snow load cases on characteristic roofs [1]



Research Methodology

• The air flows towards 
the center of the flat 
surface from both sides 
with an inclination to 
create a "wall of air“ to 
prevent the snow from 
depositing and to keep 
the particles airborne.

CFD model with airflow trajectories



Research Methodology

Airflow from circular cross-section



Diffusion of airflows

• Illustration of Zawadzki 
et al. (2010, p. 39) 
schematic view of 
turbulent free airflow 
from a circular cross-
section.

• 𝑉𝑉𝑥𝑥 = 𝑉𝑉𝑥𝑥𝑥𝑥[1 − 𝑦𝑦
𝑏𝑏
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• 𝑉𝑉𝑥𝑥𝑥𝑥 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑥𝑥

• 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.96 𝑉𝑉0
𝑟𝑟0
𝑎𝑎

• 𝑉𝑉 = 𝛑𝛑𝑟𝑟02𝑉𝑉0

• the value for a is 0.068
• 𝑟𝑟0 = 6 𝑚𝑚𝑚𝑚



Drag Force (Moeslund, Madsen, Aagaard & Lerche)

𝑭𝑭𝑫𝑫 =
𝑼𝑼𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
𝟐𝟐 .𝒎𝒎𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔.𝒈𝒈

𝑼𝑼𝒎𝒎𝒎𝒎𝒎𝒎𝟐𝟐

𝑈𝑈𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓2 = (𝑈𝑈𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 − 𝑈𝑈𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)2

𝑼𝑼𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 – velocity of the air moving the snowflake in the 
same direction as 𝐹𝐹𝐷𝐷
𝑼𝑼𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘– velocity of the wind interacting on the particle
𝑼𝑼𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 – velocity of the snowflake
𝑼𝑼𝒎𝒎𝒎𝒎𝒎𝒎– maximum vertical velocity taking wind 
resistance into consideration (terminal velocity)
𝒎𝒎𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 – mass of the snowflake
g – gravity constant



Drag Force

𝐹𝐹𝐷𝐷 = −𝜋𝜋
8

. 𝑑𝑑2. 𝜌𝜌𝑓𝑓. 𝐶𝐶𝐷𝐷. 𝑣𝑣2
(Huang, Sang & Han, 2011, p. 2)

d – particle diameter
𝜌𝜌𝑓𝑓 – air density
𝐶𝐶𝑑𝑑 – drag coefficient
v – velocity of a particle



Drag Force from wind velocities 3 m/s compared to 
gravity force (Fg) - sorted by type of crystals
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CFD Analysis

Sketch of CFD model

• 0.5 m x 2.0 m 
• 10 outlets at each side
• 6 mm outlets for air flow
• 7.7 cm distance between holes
• Element type: Quadratic
• Mesh sensitivity analysis performed
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CFD model with airflow trajectories
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Initial Experimental Setup

2200 W electric, with 50-liter tank
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Modified Experimental Setup
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Case Review
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Case Review
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Experimental 
Results
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CFD Analysis Results

• Velocity profile at 
0.1m offset
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CFD Analysis Results

• Velocity profile at 
0.5m offset
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CFD Analysis Results

• Velocity profile at 
1.0 m offset



Thank you
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